Although an increasing number of scholars are evaluating rail transit benefits, there have been surprisingly few studies of the links between metro proximity and happiness. The principal objective of this paper is to assess the benefits of metro proximity for individual's happiness. A key challenge to empirically answering this question is the fact that residential location is likely to be the result of self-selection, i.e., personal preference, such that living around a rail station can increase residents' happiness. Taking advantage of the largely exogenous residential locations of those who bought their house 10 years earlier than the operation of their nearest metro station and those households living in non-market housing in Shanghai, we find proximity to a subway station robustly promotes happiness at the individual level. These results suggest that the development of rail transit and transit-oriented development (TOD) are promising ways to increase happiness.
Introduction
Urban rail is experiencing a surge in popularity around the world and, with it, an increasing number of studies are assessing the value of rail transit. Most studies, however, have a narrow focus on the effects of rail transit, including the propensity to drive less Zhao, 2014; Combs & Rodríguez, 2014; Huang, Cao, Yin, & Cao, 2017; Zhang, Zheng, Sun, & Wang, 2017) , the mitigating effect on traffic congestion (Baum-Snow & Kahn, 2005; Anderson, 2014) , the reduction in environmental pollution (Chen & Whalley, 2012; Goel & Gupta, 2015) , and the growth effect on land/property values (Bowes & Ihlanfeldt, 2001; Debrezion, Pels, & Rietveld, 2007; Martínez & Viegas, 2012; Mohammad, Graham, Melo, & Anderson, 2013; Cao & Lou, 2017) . All of the above studies just provide objective cost-benefit analyses rather than subjective evaluations, which is an empirical deficit in assessing the benefits of rail transit (De Vos, Mokhtarian, Schwanen, van Acker, & Witlox, 2013; Reardon & Abdallah, 2013; Wu, 2014) . Assessing rail transit with regards to perceived satisfaction is a significant supplementary source of evidence to the traditional and objective cost-benefit evaluation. We recognize that satisfaction and well-being may strictly different from happiness, but we will use the terms interchangeably in this paper. As it may also directly affect individuals' decision on whether or not use metro rail, this kind of subjective evaluation has the potential to influence the future development of rail transit. This paper aims to provide a quantitative assessment of the benefits of metro proximity, one of the most valued attributes of public transit, to individuals' happiness. The central empirical challenge is selfselection, or the sorting effect (De Vos et al., 2013; Wang & Lin, 2014) . To the degree that residential location is the result of personal preferences for metro, living around a subway station can increase happiness. To overcome this issue, we take advantage of the rapid expansion of the metro rail transit system in Shanghai and the unique urban housing market in China. This study identifies two subsamplesurban households that were purchased their house 10 years earlier than the operation of their nearest metro station, and households in the non-market housing (chai-qian an-zhi fang) whose locations are predetermined-to provide a robust and relatively exogenous estimation of urban rail transit's effect on happiness.
This study contributes to the literature in at least three important ways. First, it adds to the literature on assessment of urban rail from the subjective view. Though scholars are increasingly evaluating rail transit benefits, there has been a surprisingly little study of how metro proximity contributes to happiness. Our work can serve as a useful additional dimension for assessing rail beyond traditional cost-benefit evaluations and offer a new insight in evaluating the urban rail. Second, this paper also fills an empirical gap in the field of happiness economics. Despite the fact that many studies have examined the determinants of happiness, few have focused on travel and even fewer on metro proximity. Third, the paper contributes to existing research by providing robust estimations that deal convincingly with the endogeneity in the residential location. Of the handful of studies on metro proximity and happiness, to the best of our knowledge, only two papers (Wu, 2014 (Wu, , 2015 have addressed the longstanding concern of residential self-selection. In fact these two papers have the same author, and there is no essential difference in method and data between these two papers. Building on Wu (2014 Wu ( , 2015 ground-breaking methodology, we carefully tackle the self-selection problem.
The paper is structured as follows. The next section reviews literature relevant to the aim of this study. The third section introduces the specific circumstance of non-market housing (chai-qian an-zhi fang) in China and household survey data. The results are presented and discussed in the fourth section. The final section concludes and delineates future research needs.
Literature review
Research on how travel is associated with individuals' evaluation of well-being, the broader field within which we situate the relationship between rail and happiness, is still in its infancy (Reardon & Abdallah, 2013; De Vos et al., 2016) . The limited number of existing studies mainly focus on how travel time or travel mode choice affects happiness. In terms of travel time, most studies found that trip duration tends to affect travel satisfaction negatively (Cao & Ettema, 2014; Stutzer & Frey, 2008; Ettema et al., 2011; Ettema, Friman, Gärling, Olsson, & Fujii, 2012; Choi, Coughlin, & D'Ambrosio, 2013; Nie & Sousa-Poza, 2016) . In addition, commuters assign a greater negative value to travel time by public transit than that by car (Ettema et al., 2012) . More detailed studies using the Diary-based Day Reconstruction Method showed that the morning commute is the least enjoyable part of a person's day, ahead of working or childcare (Kahneman, Krueger, Schkade, Schwarz, & Stone, 2004) .
As for travel mode, the conclusions are mixed. Based on a commuter survey, St-Louis, Manaugh, van Lierop, and El-Geneidy (2014) found that people using active modes of transportation (i.e., pedestrians and cyclists) are significantly more satisfied than drivers, rail, and bus users. Though Morris and Guerra (2015) confirmed bicyclists have the most positive relationship to commuting, their basic conclusion was that the relationship between respondents' mood and their travel modes tends to be weak and often not statistically significant. While Abou-Zeid (2001) and Duarte et al. (2010) found that commuters of metro and train have a higher level of satisfaction compared with car users, Ettema et al. (2011) and Olsson, Gärling, Ettema, Friman, and Fujii (2013) found higher degrees of travel satisfaction among car users than public transit users. It should be noted that persuading or forcing individuals to switch their travel mode is rather difficult (Pedersen, Friman, & Kristensson, 2011; Abou-Zeid, Witter, Bierlaire, Kaufmann, & Ben-Akiva, 2012; .
Few studies have examined the impact of metro proximity on happiness. While Wu (2014 Wu ( , 2015 just focused on this topic, other related papers (see, Brereton, Clinch, & Ferreira, 2008; Morris, 2011; Leyden, Goldberg, & Michelbach, 2011) only took the proximity of metro as a control variable, i.e., exploring the relationship of the proximity of metro and happiness is not the prime focus of these studies. But even Wu's (2014 Wu's ( , 2015 two studies, which not only focus on metro proximity and happiness but also accounts for self-selection, have shortcomings. The main flaw is that his analyses use household survey data aggregated at 1 km 2 grid-unit. An aggregate study has important limitations. First, happiness is an exclusive experience with great individual variation, and personal characteristics are generally accepted as one of the most important sets of factors influencing perceived happiness (Frey & Stutzer, 2000) . Therefore, it is of great necessity to control personality or demographic factors to capture individual heterogeneity in the study of happiness. Furthermore, it is questionable to aggregate micro-survey data to a higher spatial unit (Glaeser, Gottlieb, & Ziv, 2016) . Even though the survey samples were randomly selected, there are no guarantees that they are sufficient to achieve representativeness within the new aggregated unit, as long as the survey is not specially designed for that geographical unit. In other words, aggregated personal well-being or other household characteristics in a non-census micro-survey cannot represent the real conditions of the new aggregated units.
Moreover, the few existing studies provided mixed empirical results. While Morris (2011) , Leyden, Goldberg, and Michelbach (2011 ) and Wu (2014 , 2015 found proximity to rail transit is positively related with subjective well-being, Brereton, Clinch, and Ferreira (2008) reported an insignificant effect of proximity to rail station on happiness. Happiness with metro proximity can be explained by transport and non-transport-related benefits (Lewis-Workman & Brod, 1997; Banister & Thurstain-Goodwin, 2011 ). The transport benefits include the reduction in traffic costs, a relatively relaxing commute and an active and healthy lifestyle. In addition to direct transit-related benefits, transit stations themselves are usually not only the transportation hubs but also the local commercial centers, offering a range of commercial and neighborhood services in their vicinity. However, in a perfectly functioning marketplace, all of these values should be capitalized into property values around transit stations (Morris, 2011) . That is to say, the net benefits of metro proximity should have been factored into higher prices of nearby land and housing, which may moderate the positive impact of rail transit on happiness. Yet, in reality, households hardly ever have enough market information, sufficient housing supply or sufficiently low moving costs.
Also, it is worth noting that happiness, like other subjective measures, is not without measurement problems. Happiness is most commonly measured by asking respondents, "Taken all together, how satisfied are you with your life as a whole these days" or "All thing considered, would you say that you are very happy, pretty happy, or not too happy?" This self-reported rating of happiness is widely used in micro-surveys, for example, the Behavioral Risk Factor Surveillance System, the General Social Surveys of the United States, the European opinion surveys, the Chinese General Social Survey and so on. An alternative measure, i.e., the composite self-reported rating of happiness, usually provide a systematical evaluation of happiness. For example, the Satisfaction with Life Scale (Diener, Emmons, Larsen, & Griffin, 1985) included three separable components of subjective well-being, and the Psychological Well-being (Ryff & Keyes. 1995) identified six possible life domains to evaluate of one's well-being. The former measure has shortcomings because this indicator cannot specifically cover the different aspects of individual life, and the latter one involves more effort in obtaining the measure of happiness. Moreover, a growing amount of strong evidence supports the validity of the former measure (Bowling, 2005; Layard, 2005; Bray & Gunnell, 2006) . This is another reason for going beyond data availability for why we choose the former measure in this paper.
Data and empirical strategy
Shanghai is the most developed mega-city in China. The population increased from 16 million in 2000 to 23 million in 2015. This has led to a strong increase in the demand for transport services. According to the 5th Comprehensive Travel Survey of Shanghai, there were 15 rail lines (577.6 km) and 339 stations by the end of 2014. Rail transit has become the most popular mode of public transportation in Shanghai, and the daily traffic volume generated by urban metro passengers has exceeded 7 million, which is higher than the volume of ground public transport in 2014 (Shanghai Institute for UrbanRural Construction and Transportation Development, 2015). Shanghai's network of subway stations is primarily within the outer-ring road (Figure 1 ). This study uses a unique micro survey dataset of Shanghai in 2013, which tracks people who were born between the years 1980 and 1989. According to the 6th National Population Census in China, about 1/3 of Shanghai's households have at least one family member born during that period. Moreover, respondents, at the time of the survey, were between the ages of 24-33, an age range during which many will be in their greatest transition phase (tertiary education to society, single to marriage). This can place the respondents at a critical juncture, during which they develop work-family commuting habits and decide where to buy or rent a house. But since all our respondents are at a specific age, our findings that come out of this dataset should be interpreted with a certain dose of caution, especially when employed in other specific groups. Also because of this feature of our dataset, we cannot give enough consideration to the specific population groups such as the elderly. This dataset has 2,368 respondents, covering Shanghai's main urbanized areas. Figure 1 shows the spatial distribution of sample units and the extent of the Shanghai metro in 2013.
The principal objective of this paper is to assess the benefits of metro proximity with regards to individuals' happiness. Hence, the focal dependent and independent variables are individual happiness and the proximity of metro stations. The measure of individual happiness, a self-reported rating, is based on responses to the survey statements ''I feel happy" (Happ_1) and "I feel life is enjoyable" (Happ_2) on a scale from "1 -never" to "4 -always". The proximity of metro (Dis_metro) is defined by the straightline distance from a zone (Jiedao/Town)'s central point to the nearest station. To protect respondent privacy, this survey only provides the information on residential location at the zone (Jiedao/Town) level. The zone is the fundamental administrative organization and census unit in China. The average size of a zone in mainland Shanghai is about 28.84 km 2 . A higher value of this variable means that the proximity of rail transit is worse. We start with an ordered logit regression for which the empirical model specification can be written as:
Where β is the coefficients of interest, X j is the vector of all the control variables with parameters θ j , and α and ε are the constant and error terms respectively.
The selection of control variables (X j ) is based on previous studies and can be grouped into three categories: built environment variables at the zone level, socio-economic characteristics at the individual/ household level, and a set of variables which may be "bad controls" when included in the model or "missing variables" when excluded. At the zone level, the built environment usually includes five types of variables: density, land-use diversity, design, distance to transit, and destination accessibility Cervero, 2001, 2010) . Density, diversity, design and destination accessibility are measured respectively by the density of population, the degree of mixed urban land-use, the road density within the zone, and distance to the nearest of Shanghai's five city centers. Specifically, the population data are for permanent resident population in 2010, which come from the latest census; the degree of mixed urban land-use (Bhat et al., 2000; Zhai et al., 2014 ) is calculated as:
where N k is the number of facility k in the zone level, N is the number of total facilities. This paper includes 11 kinds of urban land-use type: government agencies, hospitals, schools and research institutes, hotel and restaurant, company and firm, park, restaurants and entertainment, commercial office, banking, retail, and others; and the basic urban framework of Shanghai is "one main center plus four sub centers." The five centers are People's Square, Xujiahui Street, Wujiaochang Street, Huamu Streets and Zhenru Street (see Figure 1) . Beyond metro proximity, we also add density of bus station as another proxy variable for distance to transit. With the help of ArcGIS 10.1, a professional software package in the field of geographic information systems (GIS), we generate all the zone-level variables. At the individual/household level, this paper considers the most widely used variables that affect individuals' happiness. These variables are personal annual income, gender, age, marital status, years of schooling, health status, number of children, and whether one possesses a Shanghai hukou. It is difficult for residents without a local household registration (the hukou) to benefit from certain services like obtaining vehicle license plates in Shanghai. This paper does not consider the status of respondents' employment, which is highly correlated with the variable personal annual income. We also do not consider the nonlinear effect of age, for our respondents are all within a narrow age range.
We dealt with a set of controversial control variables separately. Variables measured after the variable of interest were determined are generally considered problematic controls, which may give rise to selection bias (Angrist & Pischke, 2008) . Here we face the typical chicken and egg situation. It is difficult to ascertain whether the principal explanatory variable (Dis_metro) or the other control variables (commuting time and car ownership) comes first, therefore there is no easy way to determine the direction of causality. Do residents choose to forego owning a car to afford to be closer to a metro station, or does being close to a metro station enable residents to avoid car ownership? The risk of reverse causality makes these important controls problematic when including it in the model. However, if we excluded these variables from the empirical model, it may become biased due to missing variables, for these variables, in theory, affect our core dependent and independent variables at the same time. To solve this tricky problem, we run different empirical models with or without this set of control variables separately. We outline the definition and statistical information for all variables used in this study in Table 1 . A key empirical challenge in measuring the effects of rail transit infrastructure on happiness is self-selection, a common concern in the field of transportation research. There are at least two potential explanations for the relationship between metro proximity and happiness. On the one hand, metro proximity, as expected, can truly promote individuals' happiness for its transport and non-transportrelated benefits. On the other hand, residential location is the result of the personal preference for metro, whereby living close to the metro station enhances residents' happiness/satisfaction. The latter situation is also known as self-selection: people choose where to live based on their travel needs and preferences (Mokhtarian & Cao, 2008) .
Our solution to this problem is to use the heterogeneity of the sample and choose only the households without the potential self-selection effect. We identify two subsamples that can meet this requirement. The first subsample (Subsample_1) is made up of urban households that bought their house 10 years earlier than the operation of the nearest metro station. We choose this time frame because the construction of a new line of rail transit, from planning to the official operation, will take approximately 8-10 years in China (http://www.ditiezu.com/thread-214663-1-1.html). Therefore, it is fair to say that households meeting that criterion has no strong preference for metro and do not choose their residence based on the presence of a station.
The second subsample (Subsample_2) is made up of households in the non-market housing (chaiqian an-zhi fang). The former houses in this group often were obstacles to the construction of roads and other public facilities and were thus forcibly demolished by the government, leading to the relocation of households into chai-qian an-zhi fang as compensation from the government. The locations of these resettlement properties are usually determined through a complicated and ad-hoc planning process. The households that were relocated had little control over the location of their new residence. See Chen and Han (2014) for a detailed survey of the urban housing market in China. In fact, these above two subsamples are two different trains of thought to solve the troubling selfselection problem. Subsample_1 can solve this problem, because residents who move in before the opening of the nearest subway station have no strong preference for metro, and do not choose their residence based on the presence of a station; Subsample_2 can solve the self-selection problem, because the locations of chai-qian an-zhi fang are mainly predetermined by the local government rather than the preference of respondents. The one thing that Subsample_1 and Subsample_2 have in common is residents cannot, to a great extent, choose the location of their housing out of their preference for metro proximity. Descriptive statistics of the subsamples are provided in Table 2 . Lastly, the nested nature of the data, whereby all respondents are nested within zones, can lead to a bias in standard error estimation. Clustered standard error and the hierarchical linear model are often applied to address this individual spatial dependency, but the latter usually pay more attention to the interaction between different levels, which is not the focus of this paper. Hence, we employ clustered stander error, an efficient and well-established approach supported by numerous studies, to tackle this bias (Okulicz-Kozaryn & Mazelis, 2016; Sallis et al., 2009 ). Our basic results of hierarchical linear models are consistent with clustered standard error. Table 3 reports the ordinal logit estimation results of metro proximity on happiness using the full sample. Columns (1) and (4) consider only the effect of the built environment at the zone level, including the key variable, metro proximity (Dis_metro), while columns (2) and (5) add the common socioeconomic control variables at the individual/household level. In addition, columns (3) and (6) include the set of problematic control variables to alleviate the potential omitted variable problem. These differ- ent specifications provide greater robustness in interpreting results and clarify our understanding of the role of metro proximity. All of the columns report the standard errors clustered at a larger geographical level (i.e., district), which is one level above the administrative hierarchy from the zone, to correct for potential inter-group correlation. The estimated coefficients of Dis_metro in all six columns are significantly negative as expected, which means that all else being equal, the closer the individual lives to the subway station, the more likely she/he is to be happier. Specifically, happiness is found to rise from 3.9% (=100*[exp(-0.040)-1]) to 7.1% (=100*[exp(-0.074)-1]) for every 1 km reduction in distance from the stations. The values 0.040 in columns (4) and 0.074 in columns (2) and (4) stand for the min and max coefficients among all of the ordinal logit regressions. This basic conclusion is consistent with different control variables and different definitions of happiness. After controlling for socio-economic characteristics (see columns 2, 3, 5 and 6), the size of the coefficients remains fairly stable. It suggests that socioeconomic characteristics are necessary to control variables in this study. More importantly, it shows that our concern about "bad controls" or "missing variables" is unwarranted, for the difference between models with or without these controls is quite small.
Results

Baseline estimates
An interesting finding is that Dis_center is positively (significant and robust to all specifications) related to happiness. Put another way, living in suburbs leads to a happier life in Shanghai. Inner-city life may not be the best residential choice to promote happiness because of congestion, lack of space, environmental pollution, and high housing/land prices, but no evidence has shown there is a counterurbanization trend in contemporary China. Our finding might serve as an indicator of potential suburbanization in China's mega-cities. Furthermore, road density is negatively related to happiness. This means that road is not only a source of convenience but also possibly perceived as an impediment to a sense of security. No robust evidence has been found to support that the built environment variable at the zone level affects individuals' happiness.
The demographic control variables largely perform as expected. All else equal, females are considerably happier than males, younger people within the range are more likely to be happy, and being married and healthy also are robustly associated with much higher levels of happiness. Interpretation of the importance of income is difficult in this model because we control for the variables of education and car ownership at the same time. All of these three variables have a strong positive correlation with each other, and positively, though not strongly, associated with happiness. As for the set of controversial control variables, only owning a car is positively related to happiness. Commute times seem to be insignificant to happiness.
Residential self-selection
Although the positive effect of metro proximity on happiness is observed after controlling for a series of variables, there is still a chance that this finding due to self-selection. In this part, we use the subsamples to eliminate, or if not, limit the self-selection effect. Panel A in Table 4 is the first subsample, which contains only urban households that bought their house 10 years earlier than the operation of the nearest metro station, and Panel B is based on the subsample of households who live in chai-qian an-zhi fang. 
Conclusions
Though an increasing number of studies are evaluating rail transit benefits, surprisingly few studies focus on how urban metro proximity contributes to disaggregated happiness. Our work serves as a significant supplementary source of evidence to the traditional and objective cost-benefit evaluation and fills the empirical gap on the determinants of happiness from the perspective of the transit-oriented built environment. By identifying two subsamples, we also address the important empirical challenge, the self-selection problem, in measuring the effects of rail transit infrastructure on happiness. In short, using a household survey of Shanghai residents in 2013, we find proximity to a subway station does robustly promote personal happiness. Our finding yields important insights. First, the government should recognize that encouraging the development of rail transit could be an important way to improve residents' happiness. The potential benefits of proximity to a metro station might be the access to a larger pool of potential services and jobs or the increasing in property values. Second, our findings provide new evidence for transit-oriented development (TOD). As a tool for promoting smart growth, TOD can fully take advantage of the benefit of metro transit and increase individuals' happiness. Moreover, China has seen rapid growth in the sharing economy since 2015, especially in the field of transportation. Shared bike programs, such as ofo and mobike, have increased the proximity of metro stations by connecting the first/last mile to the origin/ destination. This gives prominence to the study of urban rail proximity in the future.
Four limitations are worth mentioning for future research. First, our results need to be interpreted with caution. Although we took much care to address the long-term concern for self-selection, we cannot guarantee a consistent result when including alternatives into consideration. For example, we cannot be sure whether residents will be happier if the government transfer the rail transit fund to personal transportation allowances. Also since all our respondents are at a specific age, it requires more serious (1) (2) (3) (4)
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Panel A: Subsample_1 consideration before employing our finding in other specific groups. Moreover, although we justified our choice to use a self-reported rating of happiness, further research is needed to focus on the composite rating, which can provide a systematic evaluation of happiness. Further research should also provide more direct empirical evidence on why metro proximity can promote happiness.
